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(57) ABSTRACT 

A method of transmitting packets of data in a communica- 
tion network comprising at least first to third stations, the 
method comprising the steps of sending a first number of the 
data packets from the first station to a second station; 
identifying which of the first number of packets are correctly 
received by the second station from the first station; and 
sending a second number of data packets from the third 
station to said second station commencing with the packet 
identified as being required after the last correctly received 
packet received form the first station. 
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METHOD AND APPARATUS FOR THE 
TRANSMISSION OF PACKETS OF DATA 

[0001] The present invention relates to a method and 
apparatus for transmitting packets of data in a wireless 
communication network and, in particular, but not exclu- 
sively in a cellular telecommunication network. 

[0002] In wireless communication systems such as cellu- 
lar telecommunication networks, the area covered by the 
network is divided into a number of cells 2, such as shown 
in FIG. 5. Each cell 2 is served by a base transceiver station 
BTS which transmits signals and receives signals from 
terminals MS located in the associated cell. These terminals 
MS may be mobile stations and able to move between the 
cells 2. The mobile terminals MS will thus communicate 
with the base transceiver station BTS serving the cell in 
which the particular mobile station is located. When a 
mobile station MS moves from one cell 2 to another, handoff 
(also known as "handover'*) will occur. In other words, the 
mobile station MS will stop communicating with the base 
transceiver station BTS in the old cell and start communi- 
cating with the base transceiver station BTS in the new cell. 

[0003] For the communication of data between mobile 
stations MS and base transceiver stations BTS, packet data 
transmission techniques are sometimes used. The data to be 
transmitted is divided into packets which also include infor- 
mation such as the address of the destination to which the 
packet is being sent and the identity of the packet such as its 
number. In known systems, it has been a problem that 
handoff can cause the loss of packets of data. For example, 
the first base transceiver station BTS wiUxeceiye packets of 
data to be sent to a given mobile station MS. When it is 
determined that handoff is to take place, the packets of data 
will then be sent to the new base transceiver station BTS. 
The problem arises in that handoff may be completed before 
the first base transceiver station BTS has finished transmit- 
ting all of the data packets which it has received to the 
mobile station MS. 

[0004] These untransmitted packets will then be lost. 

[0005] It has therefore been proposed to send the same 
data packets to more than one base transceiver station. Thus, 
the same data packets would be sent to the first and second 
base transceiver stations. In this proposal, the data packets 
are sent to the first and second base transceiver stations. In 
one base transceiver station, a data packet is transmitted to 
the mobile station whilst in the other base transceiver 
station, that same packet is discarded. However, if there is 
not exact synchronisation between the receiving of the data 
packets by each of the base transceiver stations and the 
discarding and transmission of a given data packet, data 
packets may still be lost. For example, if the second base 
transceiver station discards the data packets more quickly 
than the first base transceiver station transmits the data 
packets, then when handoff occurs, the second base trans- 
ceiver station may try to transmit as its first data packet, the 
n+2th packet whilst the packet last received by the mobile 
station is the nth packet. In other words, the n+lth packet 
may be lost. This problem could be overcome by transmit- 
ting all data packets to a group of neighbouring base 
transceiver stations. However this proposal has the disad- 
vantage that a high buffer overhead would be required to 
store the transmitted data packets. It is preferred that the 
buffer overhead is minimised. 



[0006] It is also desired that the delay in receiving data 
packets should be minimised. 

[0007] It is therefore an aim of embodiments of the present 
invention to remove or at least mitigate the problems of the 
known arrangements. 

[0008] According to a first aspect of the present invention 
there is provided a method of transmitting packets of data in 
a communication network comprising at Least first to third 
stations, the method comprising the steps of sending a first 
number of the data packets from the first station to a second 
station; identifying which of the first number of packets are 
correctly received by the second station from the first 
station; and sending a second number of data packets from 
the third station to said second station commencing with the 
a packet identified as being required after the last correctly 
received packet received fi-om the first station. 

[0009] By identifying which data packets have been 
received by the second station and ensuring that the next 
data packet which is transmitted by the third station is the 
next required packet, it can be ensured that even during 
handoff, that the second station receives all of the data 
packets. The next required packet may be the packet sub- 
sequent to the identified last packet or may be a data packet 
which is being retransmitted, the first transmission of that 
packet being unsuccessful. 

[0010] Preferably, at least some of the packets of data to 
be transmitted to the second station are provided both to the 
first and third stations. This has the advantage that when the 
first station stops transmitting packets and the third station 
starts transmitting packets, the third station will already have 
the necessary packets including the packet following the 
identified last packet. The wireless network may comprise a 
common node connected to the first and third stations, said 
common node being arranged to transmit data packets to the 
first and third stations. The method may include the step of 
acknowledging by the second station the correct receipt of 
the data packet. 

[0011] According to a second aspect of the present inven- 
tion, there is provided a method of transmitting packets of 
data in a communication network comprising at least first to 
third stations and at least one common node, said second 
station arranged to be in communication with at least one of 
said first and third stations and said first and third stations 
being connected with said common node, the method com- 
prising the steps of indicating to a common node that the 
second station is reachable via both of said first and third 
stations; transmitting the same data packets from the com- 
mon node to the first and third stations; transmitdng the said 
same data packets from at least one of the first and third 
stations to said second station; identifying a received packet 
at the third station and acknowledging receipt of that packet; 
and removing said acknowledged packet from data storage 
means. 

[0012] Preferably, in both aspects, the data packets are 
provided both to the first and third stations when the second 
station has a predefined parameter with respect to the first 
and third stations. That predefined parameter may be defined 
by the geographic position of the second station with respect 
to the first and third stations. Thus, the circumstances in 
which the first and third stations receive the same data 
packets can be defined with respect to the location of the 
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second station with respect to the first and third stations. In 
a cellular network, the location may be predefined for each 
cell. It should be noted that the location is preferably a zone. 

[0013] Alternatively, and more preferably, the at least one 
predefined parameter is defined by at least one parameter of 
signals received from at least one of the first and third 
stations satisfying a predetermined criteria. The signals may 
be the data packets received from the first and/or third 
stations or alternatively may be some other signals such as 
control signals, reference signals etc. 

[0014] The parameter may be the received power level at 
the second station from at least one of the first and third 
stations. For example, when the power level of a signal 
received from the first station falls below a predetermined 
threshold, the beginning of the location may be defined. 
Likewise, the end of the location may be defined by the 
power level of a signal received from the third station 
exceeds a predetermined level. Alternatively, the parameter 
may be the ratio of the power levels of signals received at the 
second station from the first and third stations. Yet another 
alternative is that the parameter may be the signal quality 
received at the second station from the first and/or third 
stations. Another alternative is for the parameter to be based 
on the quantity of traffic, the quality of service and/or quality 
of the signals. 

[0015] Preferably, the parameter is averaged over time 
before it is determined if the criteria is satisfied. Thus, 
anomalous readings which could adversely effect the opera- 
tion of the system can be ignored. 

[0016] Preferably, said predefined location includes a 
handoff zone in which said first station hands off to said third 
station in that said second station stops receiving data 
packets from said first station and starts receiving data 
packets from said third station. Preferably, the handoff zone 
is surrounded on either side by a zone in which the second 
station receives data packets from a respective one of said 
first and third stations, and said first and third stations are 
both provided with the data packets. This ensures that when 
handoff occurs, the third station has the next data packet to 
be transmitted to the second station. 

[0017] When handoff takes place, said second station 
transmits a signal to the third station to advise the third 
station of which packet or packets were received from the 
first station and said third station transmits the data packet 
identified as being required after the last packet to said 
second station. 

[0018] Preferably, the data packets are stored in the first 
and third stations when provided thereto. This is of advan- 
tage particularly if the data packet needs to be retransmitted 
due to an error. Additionally, it ensures that when handoff 
occurs, the third station will have the next data packet to be 
transmitted. When handoff takes place, the data packets 
preceding the next data packet to be transmitted may be 
discarded in the third station. 

[0019] Preferably, said first and third stations are base 
transceiver stations whilst the second station is a mobile 
station. Preferably, the base stations and mobile stations are 
part of a cellular telecommunication network. 

[0020] The common node may not be advised of the 
occurrence of handoff. This may be unnecessary if, for 
example, the first and third stations are both provided with 
the data packets. 



[0021] It is preferred that the common node has a higher 
hierarchy than the first and third stations in the wireless 
network. However, it is possible that one of the first and 
second stations could also provide the common node func- 
tion. 

[0022] Preferably, said data storage means is in said com- 
mon node and/or at least one of said first and third stations. 
The acknowledgement may be sent to the common node. 
The data storage means may comprise buffer means. The 
common node may associate a unique number with each 
packet and the same data packets, each of which is associ- 
ated with the unique number, are transmitted from said 
common node to both of the first and third stations. The 
unique number may be in or associated with the packet. The 
common node may control the removal of said identified 
data packet from the or each data storage means. 

[0023] The first station may be in communication with a 
first node and the third station may be in communication 
with a second node, said first and second nodes being in 
communication with said common node. The acknowledge- 
ment may be forwarded to the common node by one of said 
first and second nodes and the common node may advise the 
other of the first and second nodes that an acknowledgment 
has been received. 

[0024] Alternatively, the first station is cormected to a first 
node and the third station is connected to a second node and 
one of the first and second nodes is arranged to be the 
common node and said acknowledgements are forwarded to 
the common node. Preferably, the first and second nodes are 
connected together. 

[0025] Alternatively, the first and third stations may be 
connected to the common node via a network. 

[0026] Preferably, the acknowledgment of the receipt of a 
packet is sent by the second station to at least one of said first 
and third stations. 

[0027] The data storage means may be provided in the first 
and third stations and the common node may be arranged to 
cause a transmitted packet to be removed from said data 
storage means of at least one of said first and third stations 
on receipt of an acknowledgement that said transmitted 
packet has been received by said second station. 

[0028] The network is preferably a wireless network but 
may alternatively be a wired network. 

[0029] The communication network may be a general 
packet radio system (GPRS) in which said first aad third 
stations are base stations or base station controllers and said 
common node is a SGSN. The first and third stations may be 
in communication with different SGSNs, one of said SGSNs 
being designated as the common node, the other SCSN 
being arranged to forward acknowledgements to the com- 
mon node. 

[0030] Alternatively, said wireless communication net- 
work is a GPRS network and said first and second stations 
are SGSNs and said common node is a GGSN. In a further 
alternative, the first and third stations are base stations and 
said common node is a base station controller. 

[0031] The commimication network preferably has a plu- 
rality of cells and/or areas and said second station is able to 
register with one or more cells and/or one or more areas of 
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said network at the same time. The decision as whether or 
not the second station registers with one or more cells or 
areas may depend on at least one predefined parameter such 
as discussed hereinbefore. Data packets may be provided to 
both of said first and third stations if the second station is 
registered with both of the first and third stations. 

[0032] According to a further aspect of the invention, 
there is provided a system of transmitting packets of data in 
a communication network comprising: first, second and 
third stations, wherein said first station is arranged to send 
a first number of the data packets to the second station, the 
second station is arranged to identify the which of the first 
number of packets it receives from the first station, and the 
third station is arranged to send a second number of data 
packets to the second station commencing with the data 
packet identified as being required after the last correctly 
received packet from the first station. 

[0033] For a better understanding of the present invention 
and as to how the same may be carried into effect, reference 
will now be made by way of example to the accompanying 
figures in which: 

[0034] FIG, 1 illustrates the principles of embodiments of 
the present invention; 

[0035] FIG. 2 schematically shows the structure of a data 
packet; 

[0036] FIG. 3 shows the power levels of signals received 
at a mobile station from two adjacent base transceiver 
stations versus distance; 

[0037] FIG, 4 shows a schematic view of elements of a 
cellular telecommunications network; 

[0038] FIG. 5 shows a schematic view of a cellular 
telecommunications network; 

[0039] FIG. 6 shows an alternative embodiment of the 
present invention in a GPRS network; and 

[0040] FIG. 7 shows a modification to the embodiment 
shown in FIG. 6. 

[0041] One embodiment of the present invention will be 
described in the context of a cellular telecommunications 
network which uses the GSM (Global System for Mobile 
communications) standard. 

[0042] Reference will first be made to FIG. 1 which shows 
a first base transceiver station BTSl and a second base 
transceiver station BTS2. A mobile station MSI is currently 
in the cell 4 which is associated with the first base trans- 
ceiver station BTSl and is moving towards the cell 6 which 
is associated with the second base transceiver station BTS2. 
The approximate boundary between the two cells 4 and 6 is 
represented by region 8. It should be appreciated that, in 
practice, the two cells generally share the overlapping region 
8. That is, the mobile station MSI, when in this region, is 
capable of communicating either with the first base trans- 
ceiver station BTSl or the second base transceiver station 
BTS2. This overlapping region 8 represents the handoff 
zone. In other words, at some point in this region, the mobile 
station MSI will stop communicating with the first base 
transceiver station BTSl and start communicating with the 
second base transceiver station BTSl. 



[0043] Embodiments of the present invention are particu- 
larly applicable to the transmission of packets of data from 
base transceiver stations to a given mobUe station. FIG. 2 
illustrates schematically one possible structure for a data 
packet 10 to be transmitted from a base transceiver station 
to a given mobile station. The data packet may have a fixed 
length or, alternatively may have any suitable length. The 
data packet includes address information 12 which defines 
the mobile station to which the data packet 10 is to be sent. 
The data packet 10 also includes information 14 relating to 
the identity of the packet. For example, this identifying 
information 14 may comprise the number of the packet. It 
should be appreciated that the address information 12 and 
the identifying information 14 may be of predetermined 
length and occupy predetermined locations in the data 
packet. This is followed by the data 16 to be transmitted to 
the mobile station. It should be noted that the order of the 
address information 12, the identifying information 14 and 
the data 16 may be altered in accordance with the data 
packet format being used for a particular application. 

[0044] Reference will now be made to FIG. 4 which 
schematically shows some of the elements of a cellular 
telecommunications network. As can be seen, the first and 
second base transceiver stations BTSl and BTS2 are con- 
nected to a base station controller BSC2. As can be seen 
from FIG, 4, a third base transceiver station BTS3 is also 
connected to the same base station controller BSC2 as the 
first and second base transceiver stations BTSl and BTS2. 
In practice, each base station controller 2 can be connected 
to any number of base transceiver stations. 

[0045] As can be seen, three base station controllers 
BSCl-3 are shown in FIG. 4. It should be appreciated that 
the first and third base station controllers BSCl and BSC3 
are also each connected, in general, to a number of base 
transceiver stations which have not been shown in the 
interests of clarity. Each of these base station controllers 
BSCl-3 is connected to a mobile switching centre MSG. 
Again, it should be appreciated that the mobile switching 
centre MSG can be connected to any number of base station 
controllers. Furthermore, a cellular telecommunications net- 
work will generally include a number of mobile switching 
centres MSG. The mobile switching centre receives an input 
18 which comprises the data packets which are to be 
transmitted to the mobile station MSI. The mobile switching 
centre MSG passes the data packets to the base station 
controller BSC2 which controls the base transceiver station 
BTSl with which the mobile station is currently communi- 
cating and possibly the base transceiver station BTS2 with 
which the mobile station MSI is likely to communicate with 
in the future. In the case of the embodiment shown in FIG. 
4, the packets of data will be passed to the second base 
station controller BSC2. Depending on the location of the 
mobile station MSI with respect to the first base transceiver 
station BTS 1 and the second base transceiver station BTS 
2, the base station controller BSC2 will do one of the 
following: 

[0046] (a) Transmit the data packets only to the first 

base transceiver station BTSl; 
[0047] (b) Transmit the data packets both to the first 

and second base transceiver stations BTSl and 

BTS2; or 

[(K)48] (c) Transmit the data packets only to the 
second base transceiver station BTS2. 
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[0049] Eadi base transceiver slalion BTSl-3 is provided 
with a memory 20 in the form of a buffer which is able to 
store the packets of data received from the base slalion 
controller BSC2. 

[0050] Referring back to FIG, 1 and to FIG. 3, an 
embodiment of the present invention will now be explained. 
Initially, the mobile station MSI is in the cell 4 associated 
with the first base transceiver station BTSl. This corre- 
sponds to the part of the graph indicated by reference 
number 22 in FIG. 3. As can be seen, the power of the signal 
received from the first base transceiver station BTSl by the 
mobile station is very much greater than the power level of 
the signal received from the second base transceiver station 
BTS2. Accordingly, the data packets will be transmitted 
from the base station controller 2 only to the first base 
transceiver station 1. The data packets will then be trans- 
mitted by the first base transceiver station BTSl to the 
mobile station MS 1. 

[0051] An automatic retransmission protocol is also used 
so that if the mobile station MSI does not correctly receive 
a data packet, the mobile station MSI advises the first base 
transceiver station BTSl of this. The first base transceiver 
station BTSl will then retransmit the incorrectly received 
data packet. 

[0052] The next data packet will only be transmitted once 
the first base transceiver station BTSl has received an 
acknowledgement from the mobile station MSI that the 
previous packet has been correctly received. Of course, if 
the first base transceiver station BTSl receives an indication 
from the mobile station MSI that it has not correctly 
received the data packet, then that data packet is retrans- 
mitted. Accordingly, the data packet is retained in the buffer 
20 until confirmation has been received that a packet has 
been correctly received. It is also possible to use a window 
method. In this method, a predetermined number of packets 
are transmitted and an acknowledgement is only required 
after the predetermined number of packets have been trans- 
mitted. 

[0053] The mobile station MSI now enters a zone 24 
which is adjacent to the handoff area 8. As can be seen from 
FIG. 3, the difference between the power level of the signal 
received from the first base transceiver station BTSl and the 
second base transceiver station BTS2 at the mobile station 
MSI is becoming smaller. As soon as the mobile station 
enters this zone 24, the mobile station sends a signal to the 
first base transceiver station BTSl which causes that first 
base transceiver station BTSl to send a signal to the base 
station controller BSC2. This signal is a message sent 
through the first base station BTSl to the base station 
controller BSC2 which informs the base station controller 
that the mobile is now registered in both cells. This signal 
therefore provides a cell update for both the cell handled by 
BTSl and the cell handled by BTS2. That signal causes the 
base station controller BSC2 to transmit the data packets 
both to the first base transceiver station BTSl and to the 
second base transceiver station BTS2. This is because the 
base station controller BSC2 considers that the mobile 
station MSI is reachable through both the first and second 
base stations BTSl and BTS2. However, only the first base 
transceiver station BTSl will transmit the data packets to the 
mobile station MSI whilst the mobile station MSI is in zone 
24. It should be noted that the buffer 20 provided in each 



base transceiver station BTSl-3 has a finite size so that 
packets older than a given threshold will be discarded. 
Accordingly, whilst the first base transceiver station BTSl is 
transmitting the data packets to the mobile station MSI, the 
second base transceiver station BTS2 will discard the older 
data packets at a rate which corresponds to the rate at which 
data packets are received by the second base transceiver 
station BTS2. 

[0054] In one alternative, she first base station BTSl could 
advise the second base station BTS2 of the proper receipt of 
a packet directly if the two base stations are connected or 
indirectly via the base station controller BSC2. In the latter 
situation, the base station controller BSC2 forwards the 
indication to the second base station BTS2. The second base 
station BTS2 will remove the acknowledged packet fi-om its 
buffer. 

[0055] As the mobile station MSI continues to move 
towards the second base transceiver station BTS2, the 
mobile station will enter the handoff zone 8. As shown in 
FIG. 3, the power level of the signal received at the mobile 
station MSI from-the~firsf*aBdrseS^^-base^-t^ 
stations|Mi'll<ibWo&atsimilatl^^ 



M^fi3^*Will^fS®^ 



^^pointjj^the'yid^ 

j ^rS ^iMp^^StlS P^r?^ ^ BSC2*£ ^tinueS"to-transmit'the \ 
^^^ttalpa^ ^tyty po^^ j 

anditfapj^j^^^^^ttarisceiv^ 

ifirstf^h^j|tpnsceiv^^^ 

/dam^Pta^ 



traS^iver-s^i^ 

[0056] It-should be noted that in terms of the data packet 
communication, hard handoff will be operated. In other 
words, the connection between the mobile station MSI and 
the first base transceiver station BTSl will be terminated 
before the connection is made between the mobile station 
MSI and the second base transceiver station BTS2. When 
the connection between the first base transceiver station 
BTSl and the mobile station MSI is terminated, the mobile 
station will know the identity of the last correctly received 
packet from the first base transceiver station. After the 
connection has been established with the second base trans- 
ceiver station BTS2, the mobile station MSI will send the 
identity of the last correctly received packet to the second 
base transceiver station BTS2. The identity sent to the 
second base transceiver station BTS2 by the mobile station 
MSI may be encoded so as to prevent corruption and may 
include, for example check digit information or the like, 

[0057] The second base transceiver station BTS2 will then 
discard all the packets in its buffer 20 up to and including the 
last identified data packet. The second base transceiver 
station BTS2 will then start transmitting data packets from 
the buffer 20. In particular, the second base transceiver 
station BTS2 will send the data packet immediately suc- 
ceeding the last packet correctly received by the mobile 
station MSI from the first base transceiver station BTSl. 
Any packet which requires retransmission may not be dis- 
carded and instead may be to retransmitted. 

[0058] It should be noted that there is no need to advise the 
base station controller that handoff has occurred between the 
first and second base transceiver stations BTSl^ and BTS2. 
This is because the base station controller BS^continues 
to se nd data ^packets t o^b oA h Uie. fi rst' and Jhe-second base 
^Mtanseeiver stations^l^lSna'SiKS 
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[0059] Zone 26 is similar to zone 24 in that the data 
packets will be sent to both the first and the second base 
transceiver stations BTSl and BTS2 and in that only one 
base transceiver station, in this case the second base trans- 
ceiver station BTS2, transmits to the mobile station MSI. As 
can be seen from FIG. 3, the level of the signal received at 
the mobile station MSI from the second base transceiver 
station BTS2 is increasing relative to the received level of 
the signal from the first base transceiver station BTSl. 

[0060] When th^ mobile sUtiofpaeKe^tiJ^v^dgeM-^oae 
/26 and moves mloi^Te^LonJl^W^^ti of the signal received 
^from^^'3^*^^^Dd*base transceiver station BTS2 vvill be very 
much higher than that received from tife^'fifsfbase^ trans- 
ceiver station BTSl. This can be seen from FIG. 3. Accord- 
ingly, at this point the mobile station MSI will advise the 
second base transceiver station BTS2 that the edge of zone 
26 has been reached. This information is passed on to the 
base station controller BSC2 which stops sending the: data 
packets to the first basejransceiver station BTSl andjiinstead 
/scndsfihe dat^[gitfekpt§ISnl v to the second base transceiver 
'^st?tiS''BTS2l*^^^^*"^ 

[0061] TTie zone defined by regions^^;..8 ^and ^ 2 ^^ co risti- 
ctutes a multicast zone in which the_ data.packets are ^tranS- 
mitte&'*lori5o1b -the first and the second base transceiver 
stations"BTSl~and"BTS2.~^ 

[0062] There are a number of different ways in which the 
zones 24, 8 and 26 can be defined. For example, these zones 
may be predefined. In this embodiment, the location of the 
mobile station with respect to the first and second base 
transceiver stations BTSl and BTS2 would be determined. 
For example, region 24 would occur when the mobile station 
is between x and y meters from the first base transceiver 
station and a and b meters from the second base transceiver 
station BTS2. In other words, the regions have fixed geo- 
graphic locations with respect to the first and second base 
transceiver stations BTSl and BTS2. 

[0063] However, a more preferred method of defining 
these regions is to rely on received level of the signals from 
the respective base transceiver stations. Thus, the beginning 
of region 24 occurs when the received power level of the 
signal from the first base transceiver station STSl is less 
than the value PI. Likewise, the so end of region 26 is 
defined as occurring when the power level of the signal 
received from the second base transceiver station exceeds 
the value PI. Alternatively, the beginning of region 24 can 
be defined as the point when the signal received from the 
second base transceiver station exceeds the threshold level 
P2. Likewise, the end of region 26 can be defined as 
occurring when the signal received from the first base 
transceiver station falls below level P2. 

[0064] The beginning of the handoflf region 8 can be 
defined as occurring when the level of the signal received 
from the first base transceiver station BTSl falls below the 
power level P3, which is between levels PI and P2. Like- 
wise, the end of the handoff region a can be defined as when 
the signal received from the first base transceiver station 
BTSl has fallen below the value P4 where P4 is between 
values P3 and P2. 

[0065] In embodiments of the present invention, at is not 
necessary to \ise both the values of PI and P2. Whilst these 
values have been shown as occurring at the same time for the 



received power levels of the signals from the different base 
transceiver stations, in practice this may not occur and 
accordingly, it is more preferably to xise the value PI which 
is indicative that the signal from the closer base transceiver 
station has exceeded a given value. In summary, the decision 
as to the location of the beginning and end of each zone may 
be defined only by the levels of the signals received from the 
first base station or the second station. 

[0066] Alternatively the beginning and/or end of at least 
one zone may be defined only by the power level of the 
signals received from the first base transceiver station BTSl 
whilst the beginning and/or end of at least one zone may be 
defined only by the power level of the signals received from 
the second base transceiver station. Additionally or alterna- 
tively both the received power level of signals from both the 
first and second base transceiver stations may be used to 
define the beginning and/or end of a zone. 

[0067] In an alternative embodiment of the present inven- 
tion, instead of looking at the absolute power levels of the 
signal received at the mobile station MSI from the first 
and/or second base transceiver station BTSl and BTS2, the 
ratio between those signals can be considered. For example, 
the beginning of the region 24 may be defined as occurring 
when PRBTSl/PRBTS2±Ri, where PRBTSl is the power 
level of the signal received from the first base transceiver 
station at the mobile station MSI and PRBTS2 is the power 
level of the signal from the second base transceiver station 
received at the mobile station MSI. R^ is a threshold value. 
Likewise, the end of zone 26 may he defined by PRBTS2/ 
PRBTSl >R^ where R^ is a different threshold value. The 
beginning and end of the handoff region 8 can be defined in 
a similar manner. 

[0068] It is of course possible to use other parameters in 
order to determine the location of the various regions. For 
example, instead of power level, signal quality or quantity 
may be used or the values may be based on the amount of 
trafiSc. Alternatively, the location of the regions can be 
determined based on the quality of service required by a 
mobile station. This may depend on the application required 
by the mobile station. For example speech has a lower 
requirement than data. The regions may be therefore smaUer 
for data than speech. 

[0069] For those embodiments of the present invention 
which rely on measurements of conditions within the cel- 
lular network in order to define the location of the regions, 
it is preferred that decisions be made on the basis of average 
values rather than instantaneous values. For example, in the 
case where the power level of the signals received from the 
first and/or second base transceiver stations are used in order 
to detennine the location of the region, the level of the 
signals used is based on an average. This is so as to avoid 
anomalous increases or decreases in the signal from provid- 
ing false results. The level of the signal may be averaged 
over a predetermined number of frames. 

[0070] It should be noted that the same protocol relating to 
the acknowledgement and retransmission of incorrectly 
received data packets also takes place in zones 24. 8 and 26. 

[0071] It should be noted that the transmission of the data 
packets may take place within allocated slots in frames. 
However, it is also possible that the timing of the sending of 
the data packets be independent of the lime slot and frame 
structure. 
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[0072] The power level measurements may be based on 
the power level of the data packets received from the base 
transceiver station or alternatively may be based on other 
channels which may be in operation al the same time such 
as a control channel or the like. 

[0073] The size of the buffer can be determined based on 
trial and error measurements. The buffer 20 may be a FIFO. 

[0074] It should be noted that in embodiments of the 
present invention, there is no reason why the regions 24 and 
26 should be of the same size. One or other of those regions 
may be larger than the other. However, in practice it is likely 
that both of these regions will be of a similar size. 

[0075] The base switching center BSC2 may be arranged 
to contain a routing table which stores the base transceiver 
stations to which the data packets are to be broadcast. 

[0076] It should be appreciated that whilst the present 
invention has been described in the context of a GSM 
system, embodiments of the present invention are equally 
applicable to other access systems including other types of 
time division multiple access systems, frequency division 
multiple access systems, base division multiple access sys- 
tems, spread spectrum multiple access systems such as code 
division multiple access and hybrids thereof. In one imple- 
mentation of embodiments of the present invention in code 
division multiple access systems, whilst soft handoff may be 
used, the packets which are to be transmitted may or may not 
be transmitted to the mobile station by more than one base 
transceiver station at a time. Soft handoff is where the same 
signal is received by a mobile station from more than one 
base transceiver station. 

[0077] The embodiment described hereinbefore shows the 
simultaneous transmission of data packets to two base 
transceiver stations at the same time. It is of course possible 
that more than two base transceiver stations could receive 
the same data packets. It is also possible that the first and 
second base transceiver stations could receive the same data 
packets with the following data packets being received by 
the second and a third base transceiver station. 

[0078] Where the adjacent base transceiver stations are not 
controlled by a common base station controller, the same 
data packets would then be supplied to two different base 
station controllers which then, when appropriate, would 
supply the two adjacent base transceiver stations with the 
same data packets. 

[0079] In one modification to the embodiment described 
hereinbefore, the buffer in the base transceiver stations could 
be omitted and instead included in the base station control- 
ler. In this modification, the acknowledgement which the 
base transceiver station receives from the mobile station 
would then be transmitted to the base station controller. If a 
packet needed to be retransmitted, the packet would be sent 
again to the base transceiver station. Thus, when handoff 
occurs, the base station controller would have the identity of 
the last acknowledged packet received by the mobile station. 
The base station controller would then be able to send to the 
new base transceiver station, the next data packet to be 
transmitted. 

[0080] Reference will now be made to FIGS. 6 and 7 
which show an alternative iniplementation of the present 
invention in a general packet radio service (GPRS) network. 



Referring first to FIG. 6, a mobile station 100 is arranged to 
communicate with more than one base station 102 and 104, 
for example when in soft handoff, The two base stations 102 
and 104 are connected to the same base station controller 
105 which is connected to a serving GPRS support node 
(SGSN) 106. The SGSN 106 is connected to a gateway 
GPRS support node 108 (GGSN). The SGSN 106 stores 
information identifying the or each cell in which the mobile 
station 100 is currently located. When the mobile station 100 
is able to communicate with more than one cell and has 
registered in more than one cell, the mobile station is 
considered to be in more than one cell by the SGSN. The 
description hereinafter will consider the simplified case 
where the mobile station communicates with only two base 
stations, which occurs when the mobile station is located in 
region 8 of FIG. 1. The mobile station may communicate 
with more than two base stations at the same time. When a 
data packet is to be transmitted to the mobile station 100, the 
SGSN 106 will forward the packet, received from the GGSN 
106, to the base station controller 105 which will in turn 
forward the packet to both of the base stations 102 and 104 
which serve the respective cells in which the mobile station 
100 is located. In this embodiment, both of the base stations 
102 and 104 are controlled by the same base station con- 
troller 105. Accordingly the SGSN 106 only sends the 
packet once to the base station controller 105 along with an 
indication that the packet has to be forwarded to both of the 
base stations 102 and 104. One or both base stations 102 and 
104 will transmit the same packet to the mobile station 100. 
The packets received by the mobile station 100 may be 
acknowledged via the base station 102 or 104 from which 
the first received packet is transmitted. Alternatively, the 
acknowledgement can be sent via either or both of the base 
stations, regardless of which base station transmitted the 
acknowledged packet. The base station 102 and/or 104 
transmits the acknowledgement to the base station controller 
and/or SGSN 106. It should be noted that the acknowledge- 
ment confirms that the packet has been correctly received. 

[0081] When the base station controller or the SGSN 106 
receives the acknowledgement from the respective base 
station 102 or 104, it will know that the data packet has been 
correctly received. The data packets may be buffered in the 
base stations 102 and 104, the base station controller 105 or 
SGSN 106. In either case, the receipt of an acknowledge- 
ment will cause the packet in question to be removed from 
the buffering of the base station the base station controller or 
the SGSN 108. Typically, in a time division multiple access 
system (TDMA) , a mobile station communicates with one 
base station at a time whilst in a code division multiple 
access system (CDMA) , a mobile station can communicate 
with more than one base station at the same time. In both 
access systems, if uplink packets are correctly received by 
only one base station, the base station controller or SGSN 
connected thereto can deduce that the best path to the mobile 
station is likely to be via that one base station. If or when the 
mobile station receives the same packet for the second time, 
the mobile station will identify that the packet has already 
been received and delete that second packet and will not 
acknowledge that second packet. 

[0082] In the GPRS network, each data packet is provide 
with a unique identifier. The mobile station 100 can use this 
identifier to determine when duplicate packets are received. 
Each packet may include information identifying the base 
station from which the data packet has been received. 
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[0083] 1 1 is alternatively possible that a mobile station can 
pass the acknowledgement to any of the base stations with 
which it is registered or with which it is communicating and 
not just the base station from which it first received a given 
data packet. For example, in a GPRS network, a mobile 
station might have acknowledged a packet from first base 
station and then move to the cell associated with a second 
base station. When this occurs, the mobile station may 
resend the acknowledgement to the second base station so 
that the second base station deletes the acknowledged packet 
from its buffer and then transmits the next packet to the 
mobile station. 

[0084] Reference will now be made to FIG. 7 which also 
shows a possible arrangement in the GPRS network. In this 
arrangement, the mobile station 100* is also registered or in 
communication with more than one base station 102' and 
104'. In other words each data packet is transmitted by both 
of the base stations 102' and 104'. Unlike the arrangement of 
FIG. 6, each of the two base stations 102' and 104' are 
connected via different base station controllers 105a and 
IQSb to different SGSNs 106fl and 106fc. Each of the SGSNs 
106fl and 1066 is connected to a GGSN 108'. There are three 
ways in which this arrangement could operate in practice. 

[0085] In the first method of operation, the acknowledge- 
ment layer is extended back to the GGSN 108', In other 
words when the first packet to be received by the mobile 
station 100', an acknowledgement is sent by the mobile 
station 100' to the base station which has sent the first 
received packet. That base station passes the acknowledge- 
ment on to the SGSN to which that base station is connected 
via the associated base station controller. That SGSN then 
passes the acknowledgement to the GGSN 108'. The GGSN 
108' will then know that the packet has been correctly 
received. If a data packet is to be retransmitted, this will be 
done by the GGSN 108'. Thus in the arrangement of FIG. 6 
the control of the transmission and retransmission of the data 
packets is controlled by the SGSN to which both the base 
stations are connected. In contrast, the first method of 
operation of the arrangement of FIG. 7 the GGSN 108' 
controls the transmission and retransmission of data packets. 

[0086] In the second method of operation, the acknowl- 
edgement mechanism is extended between the GGSN 108' 
and the mobile station 100' but coordination between the 
SGSNs 106fl and 1066 and the GGSNs 108' is provided. 
Retransmission may be controlled by the SGSNs. The 
GGSN 108' includes in each data packet to be transmitted a 
first identification number. Each SGSN 106a and 1066 then 
adds a second identification number (logical link control 
LLC number) to each data packet. When the mobile station 
100 sends its acknowledgement it include both the first and 
second identification numbers. This can then be dealt with in 
two ways. In the first way, the SGSN receiving the acknowl- 
edgment from the mobile station (via a base station and base 
station controller) sends an acknowledgement using the first 
identification number to the GGSN 108'. The GGSN 108' 
then advises the other SGSN that the data packet identified 
by the first identification number has been correctly 
received. 

[0087] Alternatively, the SGSN receiving the acknowl- 
edgement can advise the other SGSN directly that the data 
packet has been received. This requires a connection 
between the SGSNs. It also requires that the SGSNs are able 



to identify other SGSNs to which a mobile station is coupled 
from, for example, the second identification number. The 
acknowledgement can thus be al the LLC level (logical link 
control) which means that the acknowledgement is from the 
mobile station to the GSN. The acknowledgement may 
alternatively be at the RLC level (radio licJc control) which 
is from the mobile station to the base station and/or to the 
base station controller. 

[0088] In one embodiment, one SGSN 106a or 1066 is 
designated as the anchor SGSN. The anchor SGSN can also 
be referred to as a dominant node. The other SGSN is used 
only to route data. The anchor SGSN will have all the 
subscriber data and perform various GPRS functions such as 
SNDCP (subnetwork dependent convergence protocol) 
compression and LLC (logical link control) ciphering. The 
data packets received by the anchor SGSN are thus suitably 
processed and forwarded to the base station connected 
thereto via the appropriate base station controller. The data 
packet is also forwarded to the other SGSN by the anchor 
SGSN which in turn forwards the packet to the other base 
station which is in communication with the mobile station, 
again via the appropriate base station controller. The other 
SGSN thus stores information so that it can identify the base 
station controller and the base station to which a given 
packet should be forwarded. The SGSN also stores infor- 
mation as to the anchor SGSN for each mobile station in a 
cell associated with that SGSN. All acknowledgements of 
the data are forwarded to the anchor SGSN either via the 
base station and base station controller connected thereto or 
from the other SGSN. 

[0089] It should be appreciated that this method requires a 
mobile station to designate one of the base stations to which 
it is connected as the main base station. The main base 
station is the base station connected to the anchor SGSN. 
The mobile station will only deregister from its anchor base 
station if a connection is poor. If the mobile station changes 
its anchor base station and/or a secondary base station to 
which it is connected, it is necessary to ensure that the 
system carries out the necessary updates so that the anchor 
and other base stations are correctly identified. 

[0090] In a modification to the embodiments described in 
relation to FIG. 7, a network (eg ATM) is arranged between 
all of the SGSNs and all the base stations. With this 
modification, each base station just needs to know to which 
SGSN the mobile station is connected. Each base station 
which is connected to a mobile station will each transmit the 
same data packets to mobile station. Each base station which 
is connected to the same mobile station will forward 
acknowledgements from the mobile station to the associated 
SGSN, This method operates in a similar manner to that 
shown in FIG. 6. 

[0091] In the arrangements described in relation to FIG. 7. 
data packets will be buffered in the base stations 102' and 
104' and/or the base station controller 105a and 1056 and/or 
the SGSNs 106a and 1066. The receipt of an acknowledge- 
ment of a particular data packet will cause the data packet to 
be removed from buffering in the base stations 102' and 104' 
and/or the SGSNs 106fl and 1066. 

[0092] In the embodiments of FIGS. 6 and 7, data packets 
will be retransmitted if an acknowledgement is not received 
within a predetermined time. In both of the arrangements 
shown in FIGS. 6 and 7, a mobile station is arranged to 
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register with a base station if that mobile station is in its cell. 
As will be apparent from the previous description, a mobile 
station can be in more than one cell at the same time. When 
a mobile station leaves a cell, the mobile station will 
deregister &om that cell. Depending on the implementation 
of the embodiments of the present invention, the registration 
of the mobile station with a given base station can be passed 
to one or more SGSNs and/or the GGSN and/or the base 
station controllers. If the two base stations are connected to 
two different SGSNs, the mobile station may be registered 
with two different SGSNs. This information will be stored 
by or al least available to the GSN. If the cells belong to two 
different routing areas, the registering and deregistering 
signals will update both of the associated SGSNs, if the two 
routing areas are associated with different SGSNs. In this 
arrangement, the SGSNs provide area controllers. However, 
in alternative embodiments of the present invention, the 
controller can be provided in any suitable location. It should 
be appreciated that a routing area generally comprises a 
pluraUty of cells and constitutes the area of which paging 
takes place in GPRS. A routing area is similar to the location 
area of the GSM standard. 

[0093] It should be appreciated that in implementation of 
the present invention both of the arrangements of FIGS. 6 
and 7 may be included in the same network. For conve- 
nience, in both of the arrangements shown in FIGS, 6 and 
7, the mobile station is shown as communicating with two 
base stations at the same time. Each mobile station can of 
course communicate with more than two base stations al the 
same time in certain circumstances. 

[0094] In the embodiments described in relation to FIGS. 
6 and 7, it is assumed that the mobile station might be 
registered in two cells or in a soft handoff situation. How- 
ever, at other times, the mobile station will only be in a 
single cell. When the mobile station is on the border with a 
second cell, the mobile station will send a request to see if 
the mobile station can now additionally register with the 
base station associated with that other cell. The mobile 
station wiU then be advised as to whether or not a connection 
can be made to the base station of the second cell before the 
mobile station attempts any such connection, 

[0095] If such a connection is permitted, any necessary 
connections and exchange of information between SGSNs 
and the GSN as well as between SGSNs themselves can be 
set up before the mobile station makes any connection with 
the base station associated with the second cell. Packets of 
data could thus be forwarded to the base station of the 
second cell or the associated SGSN before the connection 
between the mobile station and the base station of the second 
cell has been established. 

[0096] In one possible implementation, the mobile station 
sends along with update information to the registers, a list of 
data packets which have been received so that the correct 
subsequent data packets arc sent by the second base station. 
This feature is particularly advantageous in a hard hand off 
situation where the mobile station is in commimication with 
only one base station at the same time. 

[0097] It should be appreciated that the arrangement 
shown in relation to FIGS. 6 and 7 can be modified to work 
in a hard handoff situation as well as or instead of in the soft 
handoff situation discussed hereinbefore, similar to that 
described in relation to FIGS. 1 to 5. In particular, in a 



CDMA system the base stations may be arranged so that 
only one base station at a time transmits data packets. 
However, more than one base station could receive the 
packets at the same time. The term base station controller is 
sometimes associated with the GSM standard. In other 
systems such as the CDMA system, a radio network con- 
troller provides a similar function to that described in 
relation to the base station controller hereinbefore. The term 
base station controller should in the context of this document 
be interpreted to include base station controllers as well as 
radio network controllers. 

[0098] Aspects of the anrangements described in relation 
to the embodiments described in relation to FIG. 1 to 5 may 
be incorporated in the arrangements described in relation to 
FIGS. 6 and 7 and vice versa. 

[0099] In the context of this document, the term connec- 
tion can be a wired connection or a wireless connection. 
Direct connections may be provided between base stations 
in some embodiments of the present invention. 

[0100] Embodiments of the present invention are appli- 
cable to any hierarchical wireless or wired communication 
system. The packet data may be sent to two station base 
controllers instead of to two base stations. 

[0101] The embodiments described hereinbefore have 
been in the context of a wireless network. However embodi- 
ments of the invention may also be applicable to wired 
networks. 

1. A method of transmitting packets of data in a commu- 
nication network comprising at least first to third stations, 
the method comprising the steps of: 

sending a first number of the data packets from the first 
station to a second station; 

identifying which of the first number of packets are 
correctly received by the second station from the first 
station; and 

sending a second ntmiber of data packets from the third 
station to said second station commencing with the a 
packet identified as being required after the last cor- 
rectly received packet received from the first station. 

2. A method as claimed in claim 1, wherein said network 
comprises a common node cormected to said first and third 
stations, said common node being arranged to transmit data 
packets to said first and third stations. 

3. A method as claimed in any preceding claim including 
the step of acknowledging by the second station correct 
receipt of that data packet by the second station. 

4. A method as claimed in any preceding claim, wherein 
the last packet correctly received by said second station from 
the first station is identified and the packet subsequent to the 
last correctly received packet is transmitted by the third 
station. 

5. A method as claimed in any of claims 1 to 4, wherein 
at least some of the packets of data to be transmitted to the 
second station are provided both to the first and third 
stations. 

6. A method of transmitting packets of data in a commu- 
nication network comprising at least first to third stations 
and at least one common node, said second station arranged 
to be in communication with at least one of said first and 
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third stations and said first and third stations being con- 
nected with said common node, the method comprising the 
steps of: 

indicating to a common node that the second station is 
reachable via both of said first and third stations; 

transmitting the same data packets from the conamon node 
to the first and third stations; 

transmitting the said same data packets from at least one 
of the first and third stations to said second station; 

identifying a received packet at the third station and 
acknowledging receipt of that packet; and 

removing said acknowledged packet from data storage 
means. 

7. A method as claimed in claim 5 or 6, wherein data 
packets are provided both to said first and third stations 
when the second station has at least one predefined param- 
eter with respect to said first and third stations. 

8. A method as claimed in claim 7, wherein said pre- 
defined parameter is defined by the geographic position of 
the second station with respect to the first and third stations. 

9. A method as claimed in claim 7, wherein said at least 
one predefined parameter is defined by at least one param- 
eter of signals received from at least one of said first and 
third stations satisfying a predetermined criteria. 

10. A method as claimed in claim 9, wherein said signal 
parameter is the power level of a signal received at the 
second station from at least one of said first and third 
stations. 

-11. A method as claimed in claim 9 or 10, wherein said 
signal parameter is the ratio of power level of signals 
received at the second station from the first and third 
stations. 

12. A method as claimed in claim 9, 10 or 11, wherein said 
signal parameter is the quality of the signal received at the 
second station from at least one of said first and third 
stations. 

13. A method as claimed in any of claims 9 to 12, wherein 
said signal parameter is the quantity of traffic associated with 
at least one of said first and third stations. 

14. A method as claimed in any of claims 7 to 13, wherein 
said predefined parameter is the quality of signals associated 
with at least one of said first and third stations. 

15. A method as claimed in any of claims 7 to 14, wherein 
said parameter is averaged over time before it is determined 
if said criteria is satisfied. 

16. A method as claimed in any of claims 7 to 15, wherein 
said predefined parameter defines a handoff zone in which 
said first station hands off to said third station in that second 
station stops receiving data packets from said first station 
and starts receiving data packets from said third station, 

17. A method as claimed in claim 16, wherein said handoff 
zone is surrounded on either side by a zone in which the 
second station receives data packets from a respective one of 
said first and third stations and said first and third stations are 
provided with the same data packets. 

18. A method as claimed in any preceding claim, wherein 
when handoff takes place, said second station transmits a 
signal to the third station to advise the third station of the 
which packet or packets were received from the first station 
and said third station transmits the data packet identified as 
being required after the last packet to said second station. 



19. A method as claimed in any preceding claim, wherein 
if said second station docs not correctly receive a data 
packet, said second station requests retransmission of said 
data packet. 

20. A method as claimed in any preceding claim, wherein 
data packets are stored in at least one of the first and third 
stations when provided thereto. 

21. A method as claimed in claim 20, wherein when 
handoff takes place, the data packets preceding said next 
data packet to be transmitted arc discarded in said third 
station. 

22. A method as claimed in claim 2 and 3 or claim 6 or 
any claim when appended thereto, wherein said acknowl- 
edgement is transferred to the common node. 

23. A method as claimed in claim 2 or 6 or any claim 
appended thereto, wherein the common node associates a 
unique number for each packet and the same data packets, 
each of which is associated with the unique number are 
transmitted from said common node to both of the first and 
third stations. 

24. A method as claimed in claim 2 or 6 or any claim 
appended thereto, wherein the common node controls the 
removal of said identified data packet from the or each data 
storage means. 

25. A method as claimed in claim 2 or 6 or any claim 
appended thereto, wherein said first station is in conomuni- 
cation with a first node and the third station is in commu- 
nication with a second node, said first and second nodes 
being in communication with said common node. 

26. A method as claimed in claim 25, wherein the 
acknowledgement is forwarded to the common node by one 
of said first and second nodes and the common node advises 
the other of the first and second nodes that an acknowledg- 
ment has been received. 

27. A method as claimed in claim 2 or 6 or any of claims 
3 to 5 or 7 to 24 when appended thereto, wherein the first 
station is connected to a first node and the third station is 
connected to a second node and one of the first and second 
nodes is arranged to be the common node and said acknowl- 
edgements are forwarded to the common node. 

28. A method as claimed in any of claims 25 to 27, 
wherein the first and second nodes and/or the first and third 
stations are connected together. 

29. A method as claimed in claim 2 or 6 or any of claims 
3 to 5 or 7 to 24 when appended thereto, wherein the first and 
third stations are connected to the common node via a 
network. 

30. Amethod as claimed in claim 2 or 6 or any claim when 
appended thereto, wherein data storage means is provided in 
said common node. 

31. Amethod as claimed in any preceding claim, wherein 
said network is a wireless network. 

32. Amethod as claimed in any preceding claim, wherein 
said first and third stations are base stations. 

33. Amethod as claimed in any of claims 1 to 31, wherein 
the first and third stations are base station controllers. 

34. Amethod as claimed in claim 2 or 6 or any claim when 
appended thereto, wherein said communication network is a 
general packet radio system and said common node is a 
SGSN. 

35. Amethod as claimed in claim 34, wherein the first and 
third stations are in communication with different SGSNs, 
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one of said SGSNs being designated as the common node, 
the other SGSN being arranged to forward acknowledge- 
ments to the common node. 

36. A method as claimed in any of claims 2 or 6 or any of 
claims 3 to 5 or 7 to 31, wherein said communication 
network is a GPRS network, said first and second stations 
are SGSNs and said common node is a GGSN. 

37. A method as claimed in any of claims 34 to 36, 
wherein packets of data are forwarded to at least one SGSN 
prior to any connection being established with said second 
station. 

38. A method as claimed in claim 2 or 6 or any of claims 
3 to 5 or 7 to 33, wherein said common node is a base station 
controller. 

39. A method as claimed in claim 2 or claim 6 or claim 
appended thereto, wherein the common node is not advised 
of the occurrence of handoff. 

40. A method as claimed in any preceding claim, wherein 
said second station is a mobile station. 

41. A method as claimed in any one of the preceding 
claims, wherein said communication network has a plurality 
of cells or areas and said second station is able to register 
with one or more cells or areas of said network al the same 
time. 

42. A method as claimed in any preceding claim, wherein 
packets of data are forwarded to at least one of said first and 
third stations before a connection is made with said second 
station. 

43. A system of transmitting packets of data in a com- 
munication network comprising: first, second and third 
stations, wherein said first station is arranged to send a first 
number of the data packets to the second station, the second 
station is arranged to identify the which of the first number 
of packets it receives from the first station, and the third 
station is arranged to send a second number of data packets 
to the second station commencing with the data packet 
identified as being required after the last correctly received 
packet from the first station. 

44. A system as claimed in claim 43, wherein said first and 
third stations comprise storage means for storing data pack- 
ets prior to transmission to said second station. 

45. A system as claimed in claim 44, wherein said storage 
means comprises a buffer. 

46. A system as claimed in claim 43, 44 or 45 wherein the 
second station is arranged to determine the last packet 
correctly received by the second station from the first station 
and the third station is arranged to transmit the packet 
subsequent to the last correctly received packet to the second 
station. 

47. A system as claimed in any of claims 43 to 46, wherein 
the first and third stations are both provided with at least 
some of the same data packets for transmission to said 
second station. 

48. A station for use in a communication network, said 
station being arranged to transmit packets of data to a second 
station, said second station being arranged first to receive a 
first number of packets firom a further station, wherein said 
station is arranged, in use, to transmit a second number of 
data packets to the second station commencing with the data 
packet identified as being required after the last correctly 
received packet received by the second station from the 
further station. 



49. A method of transmitting packets of data in a com- 
munication network comprising at least first to third stations, 
the method comprising the steps of: 

providing data packets to only the first station and sending 
a first number of the data packets firom the first station 
to a second station; 

subsequently providing data packets to both said first and 
third station when the second station has al least one 
predefined parameter with respect to said first and third 
station; 

identifying via said second station which of the first 
number of packets are correctly received by the second 
station &om the first station; and 

responsive to a signal from said second station sending a 
second number of data packets from the third station to 
said second station commencing with a packet identi- 
fied in said signal as being required after the last 
correctly received packet received from the first station. 

50. A method as claimed in claim 1, wherein said network 
comprises a common node connected to said first and third 
stations, said common node being arranged to transmit data 
packets to said first add third stations. 

51. Amethod as claimed in any preceding claim including 
the step of acknowledging by the second station correct 
receipt of that data packet by the second station. 

52. A method as claimed in any preceding claim, further 
comprising the steps of: 

subsequent to^said step of sending a second number of 
data packets providing data packets to only the third 
station. 

53. Amethod as claimed in claim 4 further comprising the 
steps of: 

providing data packets to only the third station in response 
to said second station no longer having said at least one 
predefined parameter with respect to said first and third 
station, 

54. A method as claimed in any preceding claim further 
comprising the steps of: 

indicating to a common node that the second station is 
reachable via both of said first and third stations; 

transmitting the same data packets from the common node 
to data storage means in the first and third stations; 

transmitting the said same data packets from at least one 
of data storage means in the first and third stations to 
said second station; 

identifying a received packet at the third station and 
acknowledging receipt of that packet; and 

removing said acknowledged packet from the data storage 
means in said third station. 

55. A method as claimed in claim 1, wherein said pre- 
defined parameter is defined by the geographic position of 
the second station with respect to the first and third stations. 

56. Amethod as claimed in claim 1, wherein said at least 
one predefined parameter is defined by at least one param- 
eter of signals received from at least one of said first and 
third stations satisfying a predetermined criteria. 
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57. A method as claimed in claims 8, wherein said signal 
parameter is the power level of a signal received at the 
second station from al least one of said first and third 
stations. 

58. A method as claimed in claim 8, wherein said signal 
parameter is the ratio of power level of signals received at 
the second station from the first and third stations. 

59. A method as claimed in claim 8, wherein said signal 
parameter is the quality of the signal received al the second 
station from at least one of said first and third stations. 

60. A method as claimed in claim 8, wherein said signal 
parameter is the quantity of traffic associated with at least 
one of said first and third stations. 

61. A method as claimed in claim 1, wherein said pre- 
defined parameter is the quality of signals associated with at 
least one of said first and third stations. 

62. A method as claimed in claim 1, wherein said param- 
eter is averaged over time before it is determined if said 
criteria is satisfied. 

63. A method as claimed in claim 1, wherein said pre- 
defined parameter defines a handoff zone in which said first 
station hands off to said third station in that second station 
stops receiving data packets fi-om said first station and starts 
receiving data packets from said third station. 

64. A method as claimed in claim 15, wherein said handoff 
zone is surrounded on either side by a zone in which the 
second station receives data packets from a respective one of 
said first and third stations and said first and third stations are 
provided with the same data packets. 

65. A method as claimed in any preceding claim, wherein 
when handoff takes place, said second station transmits a 
signal to the third station to advise the third station of the 
which packet or packets were received from the first station 
and said third station transmits the data packet identified as 
being required after the last packet to said second station. 

66. A method as claimed in any preceding claim, wherein 
if said second station does not correctly receive a data 
packet, said second station requests retransmission of said 
data packet. 

67. A method as claimed in claim 2 or 6 or any claim 
appended thereto, wherein the common node associates a 
unique number for each packet and the same data packets, 
each of which is associated with the unique number are 
transmitted from said common node to both of the first and 
third stations. 

68. A method as claimed in claim 2 or 6 or any claim 
appended thereto, wherein the common node controls the 
removal of said identified data packet from the or each data 
storage means. 

69. A method as claimed in claim 2 or 6 or any claim 
appended thereto, wherein said first station is in communi- 
cation with a first node and the third station is in commu- 
nication with a second node, said first and second nodes 
being in communication with said common node. 

70. A method as claimed in claim 21, wherein the 
acknowledgement is forwarded to the common node by one 
of said first and second nodes and the common node advises 
the other of the first and second nodes that an acknowledg- 
ment has been received. 



71. A method as claimed in claim 2 or 6, wherein the first 
station is connected to a first node and the third station is 
connected to a second node and one of the first and second 
nodes is arranged to be the common node and said acknowl- 
edgements are fonvarded to the common node. 

72. Amethod as claimed in any of claims 21 to 23 wherein 
the first and second nodes and/or the first and third stations 
are connected together. 

73. Amethod as claimed in claim 2 or 6, wherein the first 
and third stations are connected to the common node via a 
network. 

74. Amethod as claimed in claim 2 or 6 or any claim when 
appended thereto, wherein data storage means is provided in 
said common node. 

75. A method as claimed in any one of Ihe preceding 
claims, wherein said communication network has a plurality 
of cells or areas and said second station is able to register 
with one or more cells or areas of said network at the same 
time. 

76. Amethod as claimed in any preceding claim, wherein 
packets of data are forwarded to al least one of said first and 
third stations before a connection is made with said second 
station, 

77. A system of transmitting packets of data in a com- 
munication network comprising: first, second and third 
stations, wherein said first station only is provided initially 
with data packets and is arranged to send a first number of 
the data packets to the second station, subsequently data 
packets are provided to both said first and third station when 
the second station has at least one predefined parameter with 
respect to said first and third station and wherein the second 
station is arranged to identify which of the first number of 
packets it receives from the first station, and the third station 
is arranged to send a second number of data packets to the 
second station in response to a signal from said second 
station commencing with the data packet identified in said 
signal as being required after the last correctly received 
packet from the first station. 

78. Asystem as claimed in claim 29, wherein said first and 
third stations comprise storage means for storing data pack- 
els prior to transmission to said second station. 

79. Asystem as claimed in claim 30, wherein said storage 
means comprises a buffer, 

80. Asystem as claimed in claim 29, 30 or 31 wherein the 
method station is arranged to determine the last packet 
correctly received by the second station from the first station 
and the third station is arranged to transmit the packet 
subsequent to the last correctly received packet to the second 
station. 

81. Asystem as claimed in any of claims 29 to 32, wherein 
the first and third stations are both provided with at least 
some of the same data packets for transmission to said 
second station. 

* « * * * 
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